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(54) ANGULAR VELOCITY DETECTING DEVICE 




PROBLEM TO BE SOLVED: To precisely and stably detect an angular velocity 
without being influenced by the environmental temperature by regulating the 
torsional rigidity of the support bar of an oscillator to a desired value, and 
connecting an oscillator base to the support bar fixed to a subject in one position. 
SOLUTION: An oscillator 10 has vibrating pieces 12, 13 protruded in +Y direction 
from an oscillator base 1 1 in substantially symmetric positions to the Y-directional 
axis passing the center part of the oscillator base 1 1 extended in X direction. It 



also has vibrating pieces 14, 15 having the same X-directional positions as the 
vibrating pieces 12, 13, respectively, and protruded from the oscillator base 11 in 
-Y direction. A single support bar 16 has a desired torsional rigidity, and is 
protruded from the center part of the oscillator base 1 1 , and its tip part is fixed to 
a subject. Since the torsional rigidity of the support bar 16 is regulated to the 
desired value, the vibration leakage from the support bar 16 is regulated, and the 
detecting sensitivity is thus regulated. Since the oscillator base 1 1 is connected 
to the support bar 16 in one position, the torsional rigidity of the support bar is 
never changed by the change of the environmental temperature. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A detection means to detect the amplitude of the vibration based on the 
Coriolis force generated in connection with said vibrator excited by vibrator, 
excitation means to excite this vibrator, and this excitation means rotating, In the 
angular rate assembly equipped with an angular-velocity operation means to 
calculate the angular velocity of said rotation from the magnitude of the amplitude 
detected by this detection means said vibrator The vibrator base which extends 
in the direction of X on XYflat surface in XYZ three-dimensions rectangular 
coordinates space, The two 1st oscillating pieces which project from said vibrator 
base in the sense of +Y in the location of the symmetry to the shaft of the 
direction passing through the center section of this vibrator base of Y mostly, The 
two 2nd oscillating pieces to which the location of the direction of X is the same 
as said 1st two vibrator respectively, and projects in the sense of -Y from said 
vibrator base, The angular rate assembly characterized by having desired 
torsional rigidity and having the single bearing bar which is projected from the 
center section of said vibrator base, and by which the point is fixed to the 
detected body. 

[Claim 2] Said bearing bar is an angular rate assembly according to claim 1 
characterized by a projection and said excitation means being what excites said 
1st oscillating piece in the direction of X in the direction of -Y from said vibrator 
base. 



[Claim 3] The angular rate assembly according to claim 2 characterized by 
forming said vibrator base which constitutes said vibrator, and said 1st and 2nd 
oscillating piece with one equal thickness Xtal substrate. 
[Claim 4] Wiring for detection which connects the circuit section of wiring for 
excitation which connects the circuit section of said excitation means, and the 
electrode for excitation prepared in said 1st or 2nd oscillating piece, and said 
detection means, and the electrode for detection prepared in said 1st or 2nd 
oscillating piece, It is the angular rate assembly according to claim 2 which it has 
the meta-RAIZUDO substrate equipped with wiring for these excitation, and 
wiring for detection, and joining of the tip of said bearing bar is carried out to said 
meta-RAIZUDO substrate, and is characterized by fixing this meta-RAIZUDO 
substrate to the detected body. 

[Claim 5] Said vibrator is an angular rate assembly according to claim 4 
characterized by being surrounded by the electric conduction material of same 
electric potential. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the angular rate assembly of an 
oscillatory type especially about the angular rate assembly used for a navigation 
system, attitude control, etc. of an automobile. 
[0002] 

[Description of the Prior Art] From the former, if rotation is added to an oscillating 
object, the oscillatory type angular rate assembly using the new vibration 
according to the angular rate of rotation occurring according to Coriolis force is 
known. As an example of such an angular rate assembly, the rotational-speed 
sensor of a publication is in JP,7-55479,A. In XY flat surface, two excitation 
branches have projected the vibrator used in this rotational-speed sensor from 
one side of a rectangular frame to the sense of +Y, and it has the structure which 
2 pickup branches projected to the sense of -Y from the side where that frame 
counters. In this structure, if an excitation branch is excited in the direction of X, 
according to the Coriolis force generated with rotation of vibrator, an excitation 
branch will vibrate also to a Z direction and vibration of this Z direction (direction 
perpendicular to XY flat surface) will be transmitted to a pickup branch. In a 
pickup branch side, vibration of this transmitted Z direction is detected and the 
angular rate of rotation of vibrator is drawn from a detection result. 
[0003] By attaching the vibrator in this conventional technique inside a frame, 
having a base, attaching with each side of a frame in which the excitation branch 
and the pickup branch are prepared, and passing a cross-bridge between bases, 
it attaches with a frame and the base is connected. This vibrator is fixed to the 
detected body by attaching an installation base in the stator currently fixed to the 
detected body. Immobilization of a part of oscillating piece reduces vibration of 
an oscillating piece. This is for vibration to spread to a stator and calls this 
propagation of vibration the leakage of vibration. Although the leakage of 
vibration becomes large so that the fixed reinforcement of an oscillating piece 
and a stator is high, the rotational-speed sensor of the above-mentioned 



conventional technique gave flexibility to fixed reinforcement by making vibrator 
into the above structures, and it has controlled that the energy of vibration of the 
Z direction of an oscillating piece leaks to a stator through a frame. The fall of the 
detection precision resulting from the leakage of vibration is controlled. 
[0004] 

[The technical problem which should be solved] However, since according to the 
trembler of this conventional technique an installation base and frames are two 
cross-bridges, namely, it is fixed by two places, a tensile stress and compressive 
stress join each of a frame, a cross-bridge, and an installation base by the 
temperature change. Since it attached with a frame and the fixed reinforcement 
between bases was changed with this stress, the ullage of vibration was also 
changed and there was a problem that the sensibility of angular-velocity 
detection varied based on change of environmental temperature as a result. 
[0005] 

[Means for Solving the Problem] It is accomplished in order that the angular rate 
assembly of this invention may solve such a problem. The vibrator The vibrator 
base which extends in the direction of X on XYflat surface in XYZ three- 
dimensions rectangular coordinates space, The two 1st oscillating pieces which 
project from a vibrator base in the sense of +Y in the location of the symmetry to 
the shaft of the direction passing through the center section of this vibrator base 
of Y mostly, The location of the direction of X is the same as the 1st two vibrator 
respectively, and it has the two 2nd oscillating pieces which project in the sense 
of -Y from a vibrator base, and the single bearing bar which has desired torsional 
rigidity and is projected from the center section of the vibrator base and by which 
the point is fixed to the detected body. 

[0006] In this vibrator, the fixed reinforcement to the detected body of vibrator is 
determined by the torsional rigidity of a bearing bar. According to this vibrator, 
since the torsional rigidity of a bearing bar is adjusted to the desired value, the 
leakage in oscillating from a bearing bar is adjusted, and detection sensitivity is 
adjusted. Moreover, since the vibrator base has connected with the bearing bar 



fixed to the detected body by one place, even if it is based on change of 
environmental temperature and each element of vibrator expands or contracts, 
the stress which joins a vibrator base from a bearing bar is not generated. 
Therefore, since the torsional rigidity of a bearing bar does not change, the ullage 
of vibration which results in a bearing bar through a vibrator base does not have 
a carrier in the effect of a temperature change. 

[0007] The angular rate assembly of this invention shall make the bearing bar of 
vibrator project in the direction of -Y from a vibrator base, and shall excite the 1st 
oscillating piece in the direction of X with an excitation means. Thus, if 
constituted, stress raisers will be made by excitation between both the 1st 
oscillating pieces of 1st oscillating one side of a vibrator base, but since the 
bearing bar is prepared in 2nd oscillating one side of a vibrator base, stress 
raisers and a bearing bar isolate it. Therefore, the vibrational stress of excitation 
of the 1st oscillating piece originates in the location gap with a bearing bar and 
both the 1st oscillating piece etc., and the phenomenon of vibrating in the 
direction of X does not produce a bearing bar. Moreover, since a bearing bar 
does not bar transfer of vibration between [ of two ] the 1st oscillating pieces, Q 
value does not fall. Furthermore, detection precision is stable in order not to 
influence the leakage in oscillating from a bearing bar of the stress by excitation. 
[0008] It can avoid carrying out a manifold type about the direction of X, carrying 
out the manifold type of the 1st oscillating piece and the 2nd oscillating piece 
about vibration of a direction perpendicular to a substrate, i.e., a Z direction, by 
adjusting the width of face of each direction of X of the 1st oscillating piece and 
the 2nd oscillating piece, if a vibrator base and the 1st and 2nd oscillating piece 
are formed with one equal thickness substrate. Moreover, it can excite only by 
impressing the electrical potential difference from which a polarity changes a 
substrate periodically since the Xtal single crystal plate, then self are 
piezoelectric material in the predetermined direction, and vibration can be 
detected only by detecting change of polarization generated with vibration. 
[0009] Moreover, it has the meta-RAIZUDO substrate equipped with wiring which 



connects the circuit section of wiring which connects the circuit section of an 
excitation means, and the electrode for excitation prepared in the 1st or 2nd 
oscillating piece as one gestalt of the angular rate assembly of this invention, and 
a detection means, and the electrode for detection prepared in said 1st or 2nd 
oscillating piece. Joining of the tip of a bearing bar is carried out to a meta- 
RAIZUDO substrate, and it has some by which this meta-RAIZUDO substrate is 
being fixed to the detected body. 

[0010] Wiring is not spoiled even if it welds a bearing bar, since wiring of a meta- 
RAIZUDO substrate is calcinated. 

[001 1] moreover ~ if vibrator is surrounded by the electric conduction material of 
same electric potential -- electromagnetism -- it is not influenced of a noise. 
[0012] 

[Embodiment of the Invention] Drawing 1 (a) is the top view showing the vibrator 
10 in 1 operation gestalt of the angular rate assembly of this invention. In this 
drawing, the X-axis is set as a longitudinal direction, a Y-axis is set as the vertical 
direction for facing the right for positive sense, the Z-axis is set as a direction 
perpendicular to space for positive sense for facing up, and public is for positive 
sense. The vibrator base 1 1 with which vibrator 10 extends in X shaft orientations, 
and the 1st oscillating pieces 12 and 13 for excitation prolonged in the sense of 
+Y from the vibrator base 1 1 , The 2nd oscillating pieces 14 and 15 for detection 
prolonged in the sense of -Y on the 1st oscillating pieces 12 and 13 and the 
same axle from the vibrator base 1 1 , respectively, The bearing bar 16 prolonged 
in the sense of -Y from the vibrator base 1 1 among the 2nd oscillating pieces 14 
and 15 and the stationary plate 17 prepared in the edge of a bearing bar 16 are 
constituted from a single crystal substrate of Xtal by one. 
[0013] Here, the crystallographic axis of Xtal is explained briefly. Generally 
natural Xtal is a columnar crystal, the medial axis of the lengthwise direction of 
this columnar crystal, i.e., <0001> crystallographies axis, is specified as the Z- 
axis or an optical axis, and the line which crosses at right angles to each front 
face of a columnar crystal through the Z-axis is specified as a Y-axis or a 



machine shaft. Moreover, the line which intersects perpendicularly with the 
ridgeline of the lengthwise direction of this columnar crystal through the Z-axis is 
specified as the X-axis or an electrical axis. 

[0014] the substrate with which the single crystal substrate used for vibrator 10 is 
called a Z disc -- it is -- the Z-axis - a perpendicular thru/or abbreviation -- it is 
the single crystal substrate cut down in respect of being perpendicular. Therefore, 
in this operation gestalt, the Z-axis of crystal orientation and the Z-axis which 
shows the orientation of the vibrator 10 on a drawing and which was mentioned 
above are in agreement. Moreover, the X-axis and Y-axis of the Y-axis [ the X- 
axis and the Y-axis ] of Xtal what intersects perpendicularly mutually indicates 
those with 3 set, the lot of them, and the orientation of the vibrator 10 on a 
drawing to be correspond. In addition, the direction relation between this crystal 
orientation and vibrator 10 is the same with other operation gestalten described 
later. Moreover, although Xtal used for vibrator 10 is synthetic rock crystal, the 
structure of it is the same as that of natural Xtal. 

[0015] The 1st oscillating pieces 12 and 13 are the same dimensions mutually, 
and are used as an oscillating piece for excitation with both these operation 
gestalten. Moreover, the 2nd oscillating pieces 14 and 15 are also the same 
dimensions mutually, and are used as an oscillating piece for both detection. The 
2nd oscillating pieces 14 and 15 are thin to the 1st oscillating pieces 12 and 13, 
and it is long, therefore the resonant frequency fX1 of the direction of X of the 1st 
oscillating pieces 12 and 13 differs from the resonant frequency fX2 of the 
direction of X of the 2nd oscillating pieces 14 and 15 mutually. Although the 1st 
oscillating piece differs also in the resonant frequency of a Z direction mutually 
from the 2nd oscillating piece, since the 1st oscillating piece and the 2nd 
oscillating piece carry out a manifold type and vibrate, the resonant frequency fZ 
of a manifold type exists about vibration of a Z direction. Since the transmissibility 
of vibration between the 1st oscillating piece and the 2nd oscillating piece is very 
low about vibration of the direction of X, there is almost no coupled vibration. 
Thus, the vibrator 10 whole is formed in one with the very thin Xtal substrate, and 



that the 1st oscillating piece and the 2nd oscillating piece do not carry out a 
manifold type about vibration of the direction of X, but the 1st oscillating piece 
and the 2nd oscillating piece carry out a manifold type about vibration of a Z 
direction originates in the configuration where the width of face of the direction of 
Y of the vibrator base 1 1 is wide enough to the thickness of the Xtal substrate. At 
this operation gestalt, they are the resonant frequency fX1 of the direction of X of 
the 1st oscillating pieces 12 and 13, and the resonant frequency fZ of a manifold 
type. It is adjusted so that a value may turn into a very near value. 
[0016] The electrode according to each application is prepared in each oscillating 
piece. That is, the electrode for detection is prepared for the electrode for 
excitation in the 1st oscillating pieces 12 and 13 at the 2nd oscillating pieces 14 
and 15, respectively. About arrangement of an electrode, in order to avoid 
detailed depiction of a drawing, by drawing 1 (a), it is omitted, it replaces with this 
and is displayed using drawing 1 (b) and (c). Drawing 1 (b) and (c) are the B-B 
sectional views and C-C sectional views in drawing 1 (a), respectively. Like 
illustration, electrodes 21-24 have extended [ the 1st oscillating piece 13 ] in the 
sense of +Y toward the point of the 1st oscillating piece 13 in four fields of a top 
face, an inferior surface of tongue, and a side face at 2 / about three to 3/4 die 
length of an oscillating piece overall length from the bond part with the vibrator 
base 1 1 , respectively. The same electrodes 31-34 (refer to drawing 3 ) also as 
the 1st oscillating piece 12 are formed. On the other hand, four electrodes 25-28 
have extended in the sense of -Y toward the point of the 2nd oscillating piece 15 
at 2 / about three to 3/4 die length of an oscillating piece overall length from the 
bond part with the vibrator base 1 1 so that each may cover to the 2nd oscillating 
piece 15, four corners, i.e., the ridgeline section, of a rectangle cross section. In 
addition, the same electrodes 35-38 (refer to drawing 3 ) also as the 2nd 
oscillating piece 14 are formed. 

[0017] Each electrode has chromium and golden two-layer structure, and after 
vapor-depositing these metals on the front face of vibrator 10, it is obtained by 
carrying out patterning to a desired configuration while using a photolithography 



technique and dissociating suitably. Moreover, it connects with either of the 
bonding pads 81-84 prepared in the stationary plate 17 electrically, and each 
electrode is connected to the digital disposal circuit later mentioned further from 
there. Although not illustrated, it prepares in the front face of a bearing bar 16 
with a film formation technique, and wiring between each electrode of oscillating 
Kataue and a bonding pad is ********. Drawing 2 is drawing showing the condition 
of this vibrator 10 having been carried on the meta-RAIZUDO substrate 100 of 
four layers, and having been sealed with the further metal cover 110, this 
drawing (a) is a top view and this drawing (b) is a side elevation. 
[0018] A meta-RAIZUDO substrate is a multilayer-interconnection substrate of 
the ceramics produced by printing wiring, a bonding pad, etc. with metals, such 
as a tungsten and molybdenum, drying the sheet (raw condition) of Green of 
Si02 after accumulating and pressing this at a multilayer, and generally 
calcinating on it 90%. The catching hole called a beer hall connects between 
wiring of each class. Since ** omission processing which goes away in the raw 
condition (condition of a green sheet) is easy for this meta-RAIZUDO substrate, it 
can produce easily the substrate which has a level difference in a front face. 
Since press working of sheet metal of each class is carried out and it is 
calcinated, and since the beer hall is filled with metals, such as a tungsten and 
molybdenum, the airtightness between each class is fully maintained. 
Furthermore, since refractory metals, such as a tungsten and molybdenum, are 
used for wiring, it is possible to solder various mounting components at an 
elevated temperature, without affecting these wiring. 
[0019] The meta-RAIZUDO substrate 100 has 4 layer structures, and the 1st 
layer of the circuit elements 1 1 1 and 112 for [ which is the lowest layer ] 
performing excitation, oscillating detection, angular-velocity ******, etc. in the rear 
face of 101 is carried, the 1st -- layer 101 top ~ order -- the 2nd - layer 102 and 
the 3rd -- layer 103 -- the laminating of 104 [ layer / 4th ] is carried out. the 2nd -- 
layer 102 and the 3rd -- layer 103 and the 4th - layer 104 - each -- a center 
section -- a rectangle -- ****** - him -- the die length of the longitudinal direction 



(longitudinal direction of drawing 2 ) of ****** and its opening is long in order, and 
left-hand side is stair-like by arranging right-hand side like illustration. 
[0020] On 2nd layer 102 of the stairway section of this meta-RAIZUDO substrate 
100, joining immobilization of the stationary plate 17 of vibrator 10 is carried out 
by soldering, and the 3rd layer of bonding pads 131-134 is formed on the surface 
of 103. Bonding pads 131-134 are connected to circuit elements 1 1 1 and 112 
through wiring and the beer hall of each class which omitted illustration, 
respectively. Since the stationary plate 17 of vibrator 10 is welded on 2nd layer 
102, the oscillating pieces 12-15 can be maintained at the condition that the 1st 
layer floated from 101. Since it has prepared on 3rd layer 103, without forming 
the bonding pads 131-134 by the side of the meta-RAIZUDO substrate 100 on 
2nd layer 102, the difference of elevation with the bonding pads 81-84 of a 
trembler 10 is eased, and the connection activity of bonding wires 121-124 is 
easy. 

[0021] The lower limit of the metal lid 110 covered the perimeter, and has fixed to 
104 the 4th layer by the resin for the closures. It may replace with fixing by the 
resin for the closures, and you may fix by soldering like soldering. Thereby, the 
space to which vibrator 10 is dedicated is completely intercepted from the 
external world. Vacuum suction of this building envelope is carried out, and the 
vibrational energy of vibrator 10 loses air as a medium. 

[0022] The 1st layer, as for the top face 140 of 101, the whole surface is covered 
by the metal membrane, and this metal membrane and the metallic lid 110 are 
electrically connected through the beer hall. Therefore, with the equipotential 
metal, the space to which vibrator is dedicated is almost covered and 
electromagnetic shielding is carried out. the amplifying circuit which generally has 
a high amplification factor although an operational amplifier is used for the 
detector mentioned later and magnification of a high amplification factor is 
performed - electromagnetism ~ it is weak in a noise and it necessary to prevent 
invasion of the noise from the component section which is especially the input 
edge Electromagnetic shielding is effective in invasion prevention of such a noise. 



moreover - although it is what asks for angular velocity from change of that 
amount of charges as the electrode prepared in each oscillating piece constitutes 
the capacitor from electrodes which counter mutually and being mentioned later - 
- this amount of charges - the electromagnetism from the outside - since it is 
influenced of a noise, also in order to suppress that effect, the electromagnetic 
shielding which encloses vibrator 10 is effective. In addition, when the 1st layer of 
wiring is given on the surface of [ 140 ] 101, the metal membrane for 
electromagnetic shielding is given except for the part so that it may not connect 
with the wiring. 

[0023] The processing circuit which performs next the excitation, the detection, 
and the angular-velocity operation which were carried in circuit elements 1 1 1 and 
1 12 is explained. Drawing 3 is the block diagram showing the electrodes 21-28 
prepared in these circuit and oscillating pieces 12-15, and the connection relation 
between 31-38 while showing the excitation circuit 50, a detector 60, and the 
angular-velocity arithmetic circuit 70. Moreover, drawing 4 is drawing for 
explaining the inverse piezoelectric effect in the 1st oscillating pieces 12 and 13, 
and drawing 5 is drawing for explaining the piezo-electric effect in the 2nd 
oscillating pieces 14 and 15. 

[0024] The excitation circuit 50 is equipped with the current potential conversion 
circuit 51, the automatic gain control circuit 52, and the drive circuit 53, and the 
detector 60 is equipped with the current potential conversion circuits 61 and 62, 
the actuation amplifying circuit 63, and the synchronous-detection circuit 64. 
[0025] While the drive circuit 53 outputs the pulse wave of a repeat frequency 
predetermined with the amplitude according to the output voltage value of an 
automatic gain control circuit 52 as an excitation signal It is the circuit which 
outputs the signal with which the phase shifted from the output signal about 90 
degrees as a detection signal of the synchronous-detection circuit 64, and the 
output terminal is connected to the electrodes 22 and 24 of the side face of the 
1st oscillating piece 13, and the electrodes 31 and 33 of the vertical side of the 
1st oscillating piece 12 in common through the terminal 54. The remaining 



electrodes 21, 23, 32, and 34 of the 1st oscillating pieces 12 and 13 are fixed to 
the middle potential of the pulse wave which the drive circuit 53 outputs by 
connecting with the input terminal of the current potential conversion circuit 51 
through a terminal 55 in common mutually. 

[0026] Drawing 4 explains excitation actuation of the 1st oscillating piece by this 
excitation circuit 50, and this drawing (a) is a sectional view which cut the 1st 
oscillating piece 13 at ZX flat surface, and is drawing equivalent to drawing 1 (b). 
Moreover, drawing 4 (b) is the perspective view having shown crookedness 
actuation of the 1st oscillating piece 13. Since electrodes 21 and 23 are 
connected to a terminal 55 in common and electrodes 22 and 24 are connected 
to the terminal 56 in common as mentioned above, an electrical potential 
difference forward in a negative electrical potential difference is given to 
electrodes 21 and 23 at each electrode, respectively relatively [ electrical 
potential difference /, i.e., electrodes, / 22 and 24 / as shown to drawing 4 (a) that 
the output pulse of the drive circuit 53 is a low level ]. If the output pulse of the 
drive circuit 53 is high-level, the reverse polarity will be given. 
[0027] Considering the condition that an electrical potential difference like 
drawing 4 (a) is impressed now, electric field as shown by arrow heads 91-94 will 
be given to the interior of the oscillating piece 13. On the other hand, since the 
piezo-electric effect of Xtal does not show up in Z shaft orientations, the effective 
electric field which affect the piezo-electric effect serve as arrow heads 95 and 96. 
According to an inverse piezoelectric effect, if electric field are given to the 
positive sense of the X-axis, electric field will give the crystal of Xtal to Y shaft 
orientations at the negative sense of elongation and the X-axis, and it will be 
shrunken by **** and Y shaft orientations. Therefore, in the condition of drawing 4 
(a), since the electrode 24 side of the oscillating piece 13 is shrunken and an 
electrode 22 side is extended, the oscillating piece 13 ****s an electrode 24 
inside, and is crooked. If the polarity of the applied voltage to electrodes 21-24 is 
reversed, the oscillating piece 13 carries out an electrode 22 inside by the same 
principle, and it is crooked. Therefore, if the end of the oscillating piece 13 is 



fixed and the pulse signal of predetermined frequency is impressed to electrodes 
21 and 23 from the drive circuit 53, the oscillating piece 13 will vibrate in the 
direction of X, as shown in drawing 4 (b). 

[0028] In addition, with this operation gestalt, since the electrodes 21 and 23 of 
the upper and lower sides of the oscillating piece 1 3 and the electrodes 32 and 
34 of right and left of the oscillating piece 12 were connected in common as 
shown in drawing 3 , and the electrodes 22 and 24 of right and left of the 
oscillating piece 1 3 and the electrodes 31 and 33 of the upper and lower sides of 
the oscillating piece 12 are connected in common, the oscillating pieces 12 and 
13 vibrate by opposition mutually in the direction of X. 
[0029] The oscillating information on the direction of X of the 1st oscillating 
pieces 12 and 13 is fed back through the current potential conversion circuit 51 
and an automatic gain control circuit 52. The current potential conversion circuit 
51 is a circuit which changes into an electrical-potential-difference value the 
variation of the charge generated in electrodes 21, 23, 32, and 34 according to 
the piezo-electric effect accompanying crookedness of the 1st oscillating pieces 
12 and 13. 

[0030] An automatic gain control circuit 52 will make an output voltage value 
small, if the voltage signal outputted from the current potential conversion circuit 
51 is inputted and the input voltage value becomes large, and if an input voltage 
value becomes small, it will operate so that an output voltage value may become 
large. Therefore, if the amplitude of the 1st oscillating pieces 12 and 13 becomes 
large, the charge generated in electrodes 21, 23, 32, and 34 will also become 
large, and the output voltage of the current potential conversion circuit 51 will 
also become large. By this, the output voltage value of an automatic gain control 
circuit 52 becomes low, and the amplitude of the output pulse of the drive circuit 
53 becomes small. Thus, feedback control of the amplitude of the pulse signal 
outputted from the drive circuit 53 is carried out, and the amplitude of the 1st 
oscillating pieces 12 and 13 is always stabilized. 

[0031] The detector 60 which detects vibration of the Z direction of the 2nd 



oscillating piece as shown in drawing 5 next is explained. If it vibrates to a Z 
direction as the 2nd oscillating piece 15 shows drawing 5 (b), and crooked in the 
sense of +Z, the one half of the oscillating piece 15 top will be shrunken in the 
direction of Y, and lower one half will be extended in the direction of Y. According 
to the piezo-electric effect of Xtal, if shrunken in the direction of Y, the dielectric 
polarization of the direction of X will arise, and if extended in the direction of Y, 
the dielectric polarization of the direction of X of the reverse sense will arise. And 
it is so weak that the strength of dielectric polarization appears strongly on a top 
face or an inferior surface of tongue and goes to pars intermedia, since it is 
dependent on the magnitude of telescopic motion. Therefore, dielectric 
polarization is concentrated on four corners of the oscillating piece 15, it appears, 
and forward or negative charge like illustration gather for each electrodes 25-28 
prepared in the corner by this dielectric polarization. That is, electrodes 25 and 
27 serve as the same polarity, and these polarities become the polarity of 
electrodes 26 and 28, and reverse. If the oscillating piece 15 sways to the down 
side, a polarity completely contrary to what was mentioned above based on the 
same principle will appear. 

[0032] A detector 60 detects the variation of the charge in each electrode of the 
oscillating piece 15 which did in this way and was generated, and outputs the 
signal according to the amplitude of the 2nd oscillating piece. With this operation 
gestalt, since the 1st oscillating pieces 12 and 13 are mutually excited by 
opposition in the direction of X and the 1st oscillating piece and the 2nd 
oscillating piece are mutually vibrated by opposition about a Z direction, the 2nd 
oscillating pieces 14 and 15 vibrate by opposition mutually about a Z direction. 
Although vibration of the Z direction of these 2nd oscillating pieces 14 and 15 is a 
synthetic vibration with that from which the direction excitation vibration of X of 
the 1st oscillating pieces 12 and 13 leaked as Z direction vibration, and the thing 
generated based on the Coriolis force produced when vibrator 10 rotates, it 
serves as [ component / which ] opposition mutually about the 2nd oscillating 
pieces 14 and 15. although later mentioned about the detail of the generating 



mechanism of the Z direction vibration based on Coriolis force, make it any - 
since vibration of right-and-left opposition occurs about a Z direction, as shown in 
drawing 3 , the electrodes 36 and 37 of the 2nd oscillating piece 14 in the 
location of these and the field symmetry are connected in common to the 
electrodes 25 and 28 of the 2nd oscillating piece 15, and it connects with the 
terminal 65 of a detector 60 further. And the remaining electrodes 26, 27, 35, and 
38 are connected to the terminal 66 of a detector 60 in common. 
[0033] The current potential conversion circuit 61 is a circuit which amplifies the 
variation of the charge in electrodes 25, 28, 36, and 37, and is changed into an 
electrical-potential-difference value, and the current potential conversion circuit 
62 is a circuit which amplifies the variation of the charge in electrodes 26, 27, 35, 
and 38, and is changed into an electrical-potential-difference value. The 
actuation amplifying circuit 63 inputs each output signal of the current potential 
conversion circuits 61 and 62, it is the circuit which amplifies the potential 
difference of both signals, and amplitude change of this output signal is 
proportional to amplitude change of the 2nd oscillating pieces 14 and 15. 
[0034] The synchronous-detection circuit 64 is a circuit where integral processing 
is performed and the integrating circuit was added to the usual synchronous- 
detection circuit, after performing a synchronous detection, using the pulse signal 
from which the phase shifted the alternating-voltage signal outputted from the 
actuation amplifying circuit 63 about 90 degrees to the excitation signal from the 
drive circuit 53 as a detection signal. The Z direction vibration by the leakage of X 
excitation is as in phase as excitation, since, as for vibration of the Z direction by 
Coriolis force, the phase has shifted about 90 degrees to excitation, according to 
a synchronous detection and an integral, the former always serves as a value of 
zero and the latter serves as an integral value of full wave rectification. That is, 
the output signal electrical potential difference of the synchronous-detection 
circuit 64 shows the amplitude of the Z direction by the Coriolis force of the 2nd 
oscillating pieces 14 and 15. 

[0035] The angular-velocity arithmetic circuit 70 is a circuit computed based on 



the output signal of the detector 60 which shows the amplitude of the 2nd 
oscillating pieces 14 and 15 based on the relational expression of the angular 
velocity and Coriolis force which mention the angular rate of rotation centering on 
a shaft parallel to the Y-axis of vibrator 10 later. 

[0036] Next, actuation of the angular rate assembly constituted as mentioned 
above is explained. The excitation circuit 50 outputs the excitation signal of the 
frequency which was in agreement with the resonant frequency fX1 (this is called 
1st resonant frequency) of the direction of X of the 1st oscillating pieces 12 and 
13 from the drive circuit 53. Thereby, the 1st oscillating pieces 12 and 13 vibrate 
with a resonant frequency fX1 in the direction of X according to an inverse 
piezoelectric effect. The phase of the oscillating piece 12 and the oscillating 
piece 13 is opposition mutually, as mentioned above. 

[0037] If vibrator 10 rotates with angular velocity omega centering on a shaft (a 
Y-axis is included) parallel to a Y-axis in this condition, Coriolis force F expressed 
with F=2 mV-omega to the 1st oscillating pieces 12 and 13 will occur in a Z 
direction, m is the mass of an oscillating piece and V is the velocity of vibration 
here. According to generating of this Coriolis force F, a phase shifts about 90 
degrees to vibration of the direction of X, and the 1st oscillating pieces 12 and 13 
vibrate to a Z direction. That is, the 1st oscillating pieces 12 and 13 vibrate by 
opposition mutually with an exciting frequency (the 1st resonant frequency) also 
about a Z direction. Since this frequency is mostly in agreement with the 
manifold-type resonant frequency of the 1st and 2nd oscillating piece of a Z 
direction, it is efficiently transmitted to the 2nd oscillating pieces 14 and 15. 
[0038] On the other hand, leakage and this vibration are also transmitted for the 
direction excitation of X given to the 1st oscillating pieces 12 and 13 to the 2nd 
oscillating pieces 14 and 15 with a manifold type as excitation of the Z direction 
of an inphase. Since the leakage vibration of vibrational energy is far larger than 
vibration by Coriolis force, vibration by the Coriolis force from which the phase 
shifted about 90 degrees on leakage vibration superimposes vibration of the Z 
direction of the 2nd oscillating piece. It is as having mentioned above to carry out 



alternative detection only of the vibration by Coriolis force from vibration of the Z 
direction of the 2nd oscillating piece by the detector 60. 
[0039] By the way, with this operation gestalt, it vibrates about vibration of a Z 
direction to right-and-left (direction of X) opposition, and vertical (direction of Y) 
opposition. In this oscillation mode, excitation and the force which it is in phase 
and is rocked are added to the vibrator base 1 1 by making into the center of 
rotation the Y-axis which passes along a bearing bar 16. On the other hand, 
since torsional rigidity is adjusted and a bearing bar 16 has moderate flexibility to 
a torque, it buffered well the rocking force committed to the vibrator base 11, and 
has prevented the leakage of vibrational energy. Torsional rigidity is also called 
torsional rigidity, is the ratio of the torsion moment and angle of torsion in torsion 
of a rod, and becomes settled with the configuration and rigidity of a rod. 
Adjustment of torsional rigidity is possible by adjusting the die length of a bearing 
bar 16 with this operation gestalt. With this operation gestalt, flexibility is given to 
torsional rigidity by making the die length of a bearing bar 16 longer than the 2nd 
oscillating pieces 14 and 15. 

[0040] In addition, if the moment of inertia of the 1st and 2nd vibrator which 
became a pair on the same axle is in agreement, it can guess that the energy of 
rocking to the vibrator base 1 1 does not arise. However, it is difficult to make 
moment of inertia actually strictly in agreement from various conditions, and it is 
not easy to make energy of rocking to the vibrator base 1 1 into zero completely. 
Then, although the consistency of the moment of inertia of the 1 st and 2nd 
oscillating piece is taken into consideration, it is desirable to take into 
consideration the torsional rigidity of a bearing bar 16. 

[0041] Moreover, since the vibrator base 1 1 has connected with the bearing bar 
16 by one place, even if it is based on change of environmental temperature and 
each element of vibrator expands or contracts, the stress which joins the vibrator 
base 1 1 from a bearing bar 16 is not generated. Therefore, the ullage of vibration 
which results in a bearing bar 16 through the vibrator base 1 1 does not have a 
carrier in the effect of a temperature change. 



[0042] By the way, since the 1st oscillating pieces 12 and 13 are mutually excited 
in the direction of X by opposition in the excitation circuit 50, stress raisers 150 
are made between both the 1st oscillating pieces by the side of the 1st oscillating 
piece 12 of the vibrator base 11, and 13 (refer to drawing 1 (a)). Temporarily, if 
the bearing bar 16 should project in the direction of +Y from stress raisers 150, 
the force of vibrating right and left (the direction of X) at a bearing bar 1 6 will 
occur by location gap of the direction of X of a bearing bar 16. According to this 
force, if a bearing bar 16 vibrates right and left, a difference will arise in the 
excitation amplitude of the 1st oscillating pieces 12 and 13, and detection 
precision will fall. Moreover, since stress raisers 150 will spread in a bearing bar 
16 supposing the bearing bar 16 has projected from stress raisers 150, the part 
by which stress is distributed superfluously occurs, therefore the transmission 
efficiency between oscillating pieces on either side falls, and Q value falls. 
Furthermore, although flexibility is given to a bearing bar 16 and the leakage in 
oscillating is controlled, the leakage in oscillating cannot be abolished completely, 
and although it is small, it leaks. If stress raisers 150 and a bearing bar 16 have 
connected, this ullage will be influenced of the stress by excitation, and will 
become unstable [ detection precision ]. 

[0043] However, with this operation gestalt, since the bearing bar 16 is formed in 
2nd oscillating piece [ of the vibrator base 11 ] 14, and 16 side, stress raisers 150 
and a bearing bar 16 are being isolated, and there is no problem which was 
mentioned above. 

[0044] Although the 2nd oscillating pieces 14 and 15 are the configurations 
where it is thinner than the 1st oscillating pieces 12 and 13, and long, with this 
operation gestalt, it is good conversely also considering the 1st oscillating pieces 
12 and 13 excited in the direction of X as a thing thinner [ than the 2nd oscillating 
pieces 14 and 15 ] and long. In that case, it is desirable to prepare the electrodes 
25-28 for detection prepared in the 2nd oscillating pieces 14 and 15, and 35-38 in 
the 1st oscillating pieces 12 and 13. 

[0045] Drawing 6 is the top view showing another operation gestalt of an 



oscillating piece. This oscillating piece 200 has the description in the point that 
the neck 202 is formed in the bearing bar 201. It already stated that wiring which 
connects the electrode prepared in the oscillating pieces 12-15 and the 
processing circuit of outside attachment is prepared to the bearing bar. As for 
these wiring, it is desirable to make a line thick as much as possible, to lower an 
impedance, in order to lessen effect of a cross talk, and to detach between lines. 
When it thinks from this viewpoint, I want to make a bearing bar into what has 
width of face large as much as possible. However, if width of face is only 
expanded, torsional rigidity will become high and will cause the fall of Q value. 
Then, the cross talk of wiring can be controlled as much as possible, maintaining 
the flexibility of torsional rigidity by forming a neck 202, while making a bearing 
bar 201 into what has width of face large as the whole, as shown in drawing 6 . In 
addition, if a vibrator base and vibrator are formed in the same direction as 
vibrator 200 using the Z disc of the same Xtal as the vibrator 1 0 of the 1 st 
operation gestalt, the vibrator 200 which has the bearing bar 201 with the neck 
202 which cut with about 30 degrees to the direction of X, and withered in ** can 
be produced very stably like illustration. This originates in the relation between 
crystal orientation and the etching direction. 

[0046] Moreover, through holes 203 and 204 prepare in the stationary plate 17 of 
this vibrator 200, and the metal is vapor-deposited by the ****** cage and the side 
attachment wall of these through holes 203 and 204. It can use effective in 
vertical face-to-face wiring of vibrator. 

[0047] Various deformation can be considered also about the packaging of a 
trembler 10. For example, although the bonding pads 81-84 of a trembler 10 and 
the bonding pads 131-134 of the meta-RAIZUDO substrate 100 are connected 
by bonding wires 121-124, in case it replaces with this, the bonding pads 81-84 
of a trembler 10 are formed in the rear face of a stationary plate 17 and a 
stationary plate 17 is meta-RAIZUDO welded [ 100 ], die bonding of the bonding 
pads 81-84 may be carried out to the bonding pads 1 31 -1 34 of the meta- 
RAIZUDO substrate 100 at coincidence, in order that passive circuit elements 



1 1 1 and 112 may make the whole area small ~ the meta-RAIZUDO substrate 
100 -- although the 1st layer is prepared in the rear face of 101, the 1st layer of 
the area of 101 may be extended on the outside of seal space, and you may 
carry in the top face. Moreover, a lid 110 can be permuted by the flat thing and a 
cost cut can be aimed at. Although the lid 110 consists of metallic materials for 
electromagnetic shielding, it may replace with this and what formed the metal 
membrane in the whole surface by vacuum evaporationo etc. may be used using 
the thing of an insulating material like the ceramics. Furthermore, the 1st layer of 
vibrator 10 may be made to isolate from 101 by replacing vibrator 10 with this, 
although the 2nd layer has floated from 101 the 1st layer using the thickness of 
102, forming a convex with the circuit pattern of the 1st layer, and welding a 
stationary plate 17 on it. 

[0048] Although the vibrator 10 of this example carries out patterning of the Z 
disc of Xtal, other piezoelectric material, for example, the piezoelectric material of 
others, such as titanic-acid lead zirconate (PZT) and lithium niobate, may be 
used. Furthermore, vibrator 10 may be used as mere vibrator like stainless steel, 
may be replaced with an electrode, and may be vibrated using an electrostriction 
means. 
[0049] 

[Effect of the Invention] According to the angular rate assembly of this invention, 
since the torsional rigidity of the bearing bar of vibrator is adjusted to the desired 
value, the leakage in oscillating from a bearing bar can be controlled. Moreover, 
since the vibrator base has connected with the bearing bar fixed to the detected 
body by one place, even if it is based on change of environmental temperature 
and each element of vibrator expands or contracts, the stress which joins a 
vibrator base from a bearing bar is not generated. Therefore, the ullage of 
vibration which results in a bearing bar through a vibrator base does not have a 
carrier in the effect of a temperature change. Therefore, since an oscillating loss 
can detect vibration by Coriolis force by high sensitivity few and the detection 



value is not influenced of disturbance like environmental temperature, the highly 
precise and stabilized angular-velocity detection can be attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the vibrator of the angular rate assembly which is 1 
operation gestalt of this invention. 

[Drawing 2] Drawing showing the condition that the trembler of drawing 1 was 
carried in the meta-RAIZUDO substrate, and packaging was carried out. 
[Drawing 3] The block diagram showing the electrodes 21-28 prepared in these 
circuit and oscillating pieces 12-15, and the connection relation between 31-38 
while the excitation circuit 50, the detector 60, and the angular-velocity arithmetic 
circuit 70 which are used for the angular rate assembly of the 1st operation 
gestalt are shown. 

[Drawing 4] Drawing for explaining the inverse piezoelectric effect in the 1st 
oscillating pieces 12 and 13. 

[Drawing 5] Drawing for explaining the piezo-electric effect in the 2nd oscillating 
pieces 14 and 15. 



[Drawing 6] The top view showing other operation gestalten of vibrator. 
[Description of Notations] 

10,200 [ -- The 2nd oscillating piece, 16,201 / -- A bearing bar, 17 / -- A stationary 
plate, 21-28, 31-38 / - An electrode, 50 / -- An excitation circuit, 60 / - A detector, 
70 / -- An angular-velocity arithmetic circuit, 100 / -- Meta-RAIZUDO substrate. ] - 
- Vibrator, 1 1 - 12 A vibrator base, 13-14 The 1st oscillating piece, 15 
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[Drawing 1] 
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So **5>f XKSfei o ofi^^>rV y^v^y k i 

3 1-1 3 4^^211 0 2_ht^{tt i tm3ill 0 3 

8 1 -8 4 1 OftffiH^w^^, #>r y^'v^ 
121-124 <os»fa&&«atSTft h . 

[002 1 ] AMM^Ml 1 O^TSJi^Ja^H^T^ 
±fflfStflirffi4 « 1 0 4 £IS*S*ro>S . iifiLffl^ffl 
lit i 4H*tfWT¥ffltf tt«o i 5 5:6 o ftttTH* 
LTfci^. ifLtiO. l o^ftft^titi^ 

5l#SilT*3D, »^1 0«X^^&1 
[ 0 0 2 2 ] ® 1 Jg 1 0 1 ^±H 1 4 0(±^H^'#MM 

fSi?ixT o , z\ co-mmt'^mncom not w 
T*-)v*ftLxm%mzmmztix^h» Ltzt^ 
x , wm-imt)t>iix v ^ffiPaitt 

tH.^', -St,SiMtS*£^omt§0£#(i€]l/^ Xlz 
& R& <-^g*% S . mm is-)V Y (i c: <7) J: 5 ^ 7 A Xco 

mxmMz^mxfoh « ttz. ^mmmzmn^ti^m 
mim^zttft~tz>nmm±x?yTyv$:Mtf£Lx& 

hhnxfohbK z. <?)VMmmmfr t> ^nm j a xcd 
WM^nh^x\ zmmzwthtiMz^wm-i 
o%mmti'nM.y~>vYm%}Xjb&« %&.mim 
i o i (vmmi 4 otffl!Mfi$tro^!>*!^(±, m« 

y-^Fffl^«M(i^offillfcgML^^J:at, ^ 
[00 23 ] 0^*^ 1 l 1 isitf l l 2 tff 
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^XmWtZ. 03(4©f»5O, iSW6 0f3 

mhftl 2 — 1 5\zWt!rtt>tlteWik2 1— 2 8io4D f 3 
l-3 8> ; 7 «f« &7jrt 7"n * 7 0r-|> l» , £ £ , 

[ o o 2 4 ] wm®& 5 0 j± , €^€i±^JS0g# 5 1 1 
52k mi®& 53t zmtzu 0 . 

8ttfJHI*&6 0(4, m^mj±^@^6 1 fcitf 6 2 fcfE 
[0 0 2 5] !EM»5 3(4. ilJjf[Jt#SiJ»0^5 2^ 

Lx^-thmm-M . ^o^s^(4s^5 4 
ttixLzmi wmx 1 3 ^fiffi^ms 22. 2 4 1 $ 1 

»fr 1 2 «±TH^mS 3 1.33 t4±»t»M$ft 
•CHS. ®1«U 2iiJ:tf 1 3<O«0<O«S2 1, 
23, 32, 34(4, S^fc^fflfciffP 5 5 fctfLT* 

[0026] H4(4, z<7)mmm5otzsi&mimto 

K<nmfflW¥*IStffltl i>cDZ-fo 0 , 1*10 ( a ) (4H l 
1 3 £ Z x YffiT-BJo felSfffiia-C* 0, Hi 

(b) it, @4 (b)imimm 

^ 1 3 ^® fl»^ itztmrnx-h mttzXo 

*S2 1 k 2 3^JltS^ 5 5fcSiE§^. TO 
2 2 2 4^4±jl(;^5 6 (CSM§#1T^S«T'. IB 
l&HIB5 3<?5aj* J 't;l'^**n-U^T*4i:, 04 
(a) fcijrf i 3 i-%htbW&2 2ti£lf2 4 

izmtmiznavEtf, mm 2 1434^2 3^41^ 
mj±*^tim#ms(^^^tn» 0 ib»0S§5 3 ok 

tit. 

[0 0 2 7] ^i, 04 (a) <7)£?%W±&maZtL 

zv^mmz-hk, wmxi 3mmzimw9 1 

frt>9 4 Z'y^Ltz 4 0 ^mm-TL ^tiZZklz%&„ 
7j< H H B Oj±mS)*i4Zftt^t(4i|^V^T'. BE 
m?Mti^^^il>^m^(4^EP9 5t>±tf 9 6k 

*&m^mj±w$))mz£<o , xwoiEoitm 
izmft&^z-tt&bYmjTfaizmts. uztf-ox. 04 

l2 2»WStfc, SiJj^l 3(4mS2 4^«; 
LTJSffit-|> 0 €82 lipt>2 4£&t&Wffl*&0M 

msmtz, k , ^#»it4 osftn- 1 3 (4ms 2 

2£rtffl£l,TJSlfirtS. Lfc^'-oT, Ii^l3i7)- 

@s l TiEKiiigf 5 3 fr^mmmm.wvvx\m 



zwm2 1,23 izmu-rt t , fa&n- 1 3 (404 

( b ) »f 4 3 tX*|6jt»f4 . 

[oo28]^, ^mmmzn. 03 1^4 0 t 

i^ft^-l 3<0_hTO«S2 lfc4V'2 3fc«iJ^l 2t0 
S^omS 32fc4tf34fc irftSfcSM L , ffittfr 1 
3 <7)^^€S 22fc4lX24fc SiSn- 1 2 WlTOl 
«3 1fc±tf3 3fc£*!ffi£^LT^&^t\ Sft^ 
1 2k 1 3(4. X#ft£5^fc®fflTliiH-S. 
[00 29 ] mWMFn 2k 1 3«X^O»[f|g 

(4, w;&mm.mm%5 \axxfmmmmmmm2 
(4. mimmki 2&xxfi 3^mmz^oim^mz 

4^X1*2 1. 2 3, 3 2, 3 4 te^LtzWMcom 

\tm?tw±\mz?m-tmm% h . 

[00 30 ] iijfiJ#$[J«M5 2(4, m^€J±^0 

itzv-oz , n i mm* 12^4^13 cmwmmtf*. 

S<=5rfUT, «S2 1. 2 3, 3 2, 3 4£S6£-f£* 
?tiA#<=Sr , 9, «Stti±^0£#5 10til^«J±iA 
#<*5. Cii(c4oT, a»fiJ#|iM0l?#5 2Otii4j 
*J±ffi(4ffi < & 0 , SUM 5 3 Ofttj^X«K4 
/hS<*s. -^4 3t;, »0g&5 3*^^$tis 
jwxim^mmay 4 - w*, mmti. m 1 mm 

[003 1 ] ore 0 5 Kj^ri 0 %m2MMfr<vz 
5^05 (b) t^-f 4 5tZ^[&l(^»)L-C, 

^tc4 0 , Y^tetft x^^opm^s^t, 
* lt . § a# $ t«c#r s »t 

Jiffii fctiTffitfc ^T5S < ^^gpt 0 (4 fc" 
Lfc^T, f§€^«i4f»JjJU 5t04oto^ii 
eft^LTSti, ^olS€*S(;4-^T^gP(;fS(t^ii 

fc#»62 5-2 8^(40^04 5^riEi^(4tom?fff 
i^i^S. oiD, €«2 5h2 7£W*ttfc;5:D, 
;tL^<7)S'lt^'«ffi2 6 fc 2 8f)fiH4i:i£^S„ S»J 
>V1 5^'Ti«ixSfc, [S]SOlSII(;a^^T±iSt 

[00 32] $!tt«6 0(4, ;o4d(cLT^§4iUc 
®Hj^1 50#€S(;fc(tl>m^^t*^^mt, H 

2®»in-<7)««»gtjEi:/ifi^&tii4j^i»o *hjs^ 

ffiT14. mi»frl 2. 1 3 & Xj^](;liH:Ifflt 
StjffiL. m»frfcl§2»tfc£Z:msH;:oivT5 

V^t3ffifflTJSKlS-frS m2®»^l 4 t 1 

iin-14, 1 5<nzM0)wma. mimstii 2, 1 
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mm^ i o ifimm. itz t § t£ t § 3 u * u o^tso* 

V^X%*E Itz t> O t «0£j£JBIrC» s V v??uDj£# 

mLxmmftnwmwmL'thvre. m 3 t^-r * 5 
nmMmzhh m 2 1 4 oms 3 6 1 3 7 ^ 

flTYl, 0 ^LT. S9<7)WBi2 6, 2 7. 35. 38 

[0033] €^mjBSt@f£6 1 am«2 5.2s. 
36,37 T"tom^^^t**m*g l -cmffiff 
h mmx-b 0 . m^€J±^0S^ 6 2 isms 26.2 
7, 35, 3 8X'-<Dn^mm$:mmixwE.miz3£ 
®t& m?t> 1 . tf*mniii&& 6 3 (im?imn»@ 

SEfWiS 2 mm* 1 4 «fc If l 5 ofMtslSf Jtffl 

[00 34] M&«£6 4(i^KHBKIl|||6 3 

ti^ § ^s*iitJ±fi^fBtJ« 5 3 Mommm 
xm^xmmmzft-ofzm. mwmzno t^-c* 

"9 , fflff<0RSB«(iftllIKt«^IlIK36%SnS^llIK'C 
fcS. XM^iiW;J;l>Z^liii{iia«i:|5lfflf'& 

[0 0 3 5] M8?iM£7 0(i. ®2«»n-14B 
.tt^l 5t0®»»g&^t-^tii»6 0O^fi^fcS 
oW, gfj^l OtOYlfitW^ffi^^fc^SHlte 

izixn&^mmx-fot, 

[0 0 36]^:, .HiYOJ; 5 m&$fitzftWmm& 

2. i3<7)x-%\tn<Dmimf&.fii (ztizmimum 
wmt^o ) iz-mi tzmmnmm^m®® 5 
3*^m^j-r-5. ^tioisiiaftfri2. 13m 

m$m 1 2 1 mm* 1 3 cowi ±& l & ± a tsu t 

[0037] mm=F- 1 0 #Yi;ffi/j 

l«j£rl2. 13 1;(4, F = 2mV-«'CSSfl53 



4(:±oT, sn«n 2. 1 3(±x^^»tM 

LT9 0®fiffl^-filTZ^t«|f)t-|> o 0, m 
liifrl2, 1 3(i/ j/|i.i!:-nr;L. UM^S 
( H 1 EM»>i£ ) T'SW^iifflTlSlttrtl, . ^ ^Miffe 

ma. \am%2 mm^ommmmmm. 

t (Iff-St LT ^ !> ^ 2 jii&Jt 14,15 fciPP 
[0038] H 1 Wmft 12.13 t^-i ^ni> 

x^m^y mm^zumcommtLxmri, c\com 
mi>mmz£*)M2mmfri4. lsiz&mzti&.m 
m^/i^'n. mhmm^m^ v^v^^zxmm 
i0ta*»t^sv^, m2«ij^z^[*]Ofi|f) 
IMILhfc 9 0 SfiffiO-f ii/i aiJt'J ^ t i 

i>®iij//sM lt v ^ o fc „ m&m% 6 0 X -> 
xm2mm*coz^fa(vwMfr^vxv<nMz£hm 
m<7Mmmm&-t h z. t utrnttz t a 0 x*$> & . 

^ nie^^ t ix mm t m#v®wst& 

1 HzMLXHubl. MzMLX, SS#1 6(±fet 
tt#& 5 fcft . Sft 1 1 1 ft < ffi«J7J * a s < m 

y h t ia tftft t <7)tt<7)z\ t xfo 0 , mmmt ; 

*>Sti-3TS44. *^»JgJBT(±SSp# 1 6?)£§ 

^mmmmxn. ^.nm 1 6 ^$ % m 2 mm n 1 4 . 

1 5 i 0 -ti i 1 1 i 0 . fa 1 0 BMtt^SttttS: 

[0040] ^ttT"^fc5ro/imifcj;V'^2® 
Ki^wfltt^-^ y b *M8[ LT t xfUfiSft?** 1 1 

m^*>u^itm^zmi,ztzc\tim%xm\\ z 

ZX\ Hi fccfc V'm 2 gft^-Otftt^-^ Y b O-Jitt 

* too i . ^mm 1 6 ofa t o #^-5 ; 

[0041 ] i^. «»^a#ci i^s#i et i^? 
Bf T-iis t t u h <nx\ wmm<v$mzmr$\ ^xmm 
^^m^mmttzimmtx 1 6 

i^frl ltJni)S^(i^*L^v\ L/iiYY ji 

if7S*i l^gTS^si e^zm^mm^mtimm^ 

[ o o 4 2 ] f: mmm 5 0T-m 1 1 
2. l 3^Sut;itfflT"X^t;]lSt-|>^T". SiJjY 1 

1 1 com i 12.13 rncomm i s»)^r B it; 



(7) 



10-54723 



mm^l 5 0#T#& (HI (a) . fMfc. 

6 1 5 Oi^+YMC^U 

t, 6ts* (x^ritj) izwm-t&jumni-t 

h . i i t . l 6 tffc&tiiirti. i: . 
n i ffiisn- 1 2 1 1 3 o]M!»fcii#± 1 . ffi&mm 

#CFt £ . £ . JE^ft^gP 1 5 0 & 1 6 

^L-o^fc^i,fc. iE^ft^gpi 5 o*ya*»i 6 
t &t&>. T^mzmti tffimzti h mams. 

ffi#WS „ $ 1 £ . 1 6 £|&Rtt£ ftfctfTfi 

oxuzk, wiwiii. jE^ftcfgpi 50 
1 3&w 1 6 1 tm^Lxi i&t. z (omtiMtmsmiz 

[0043] l^l, ^mmmmxn, ^mm i e tm 

»ff S#; 11^2 MWl* 14,16 fltlS^ilT V ^ 

ztzMzmmmi 5 o t^nmi e ttmmix& 

[0044] #IS;SS7$BTti, ® 2 JiaBfr 14, 1 5 A 1 
ffil»frl2, 1 3 JOfcaKT^JBtt?****, 
jfi£, X^T&JfcIrtf£*l£3ll«n 2, 13 £312 

Wi^tdi. H2«n 4, i 5fcfftirovt8«a 

ffltt®25-28, 3 5-3 8^S5H6«l>i-l 2. 13 

[0 04 5] 06 !±»frOS(Jc?3^ft^ffi$:^-r¥ffllll 
TfcS. £<Z)«^2 0 0(i3a$#2 0 lK<tm»2 

^12-15 iztm^tifzmm t ^nemwmz t % 
mmt&iimmmt>iiz>zbtemmKfz„ z\ti^ 

Wm± ^nxf -9<MW*'J?% < "f l KMzx § 2. 
tmm±<lXJ>¥-y>X$:Tif. fl-y IfPaU 

tmff , to t o Hft^ < * o QffltoffiT^ffi < . -e - 
x\ meitZtftxoiz. ^#S2 o i z^fatLxim 

^ 2 o o t lt , n 1 i o t imao* 

^m~th^x%mi. i^ort < xumzftix® 

3 0 ST"« 0 Xfrfrtitz < Xfti& 202^5 £JSf£ 2 

o i ^t-ssifff 2 o o zimz%$imz.im?z 

i. z\tnt. ^^nt^yi-yy^t^mm^zim 

[0 04 6] ±tz, £tf)»f2 0 0tf>H£8U 7t(i 
Mfiyv2 0 3fcj;V'2 0 4^'|g{ttLtlTfe 1 9, 



[0047] Jg»Tl 0W^y^-yy^;lLtil 
^O^W#i.A>^ll» 0 fcf: ;?.(£, Sft^l 0O*>r 
■fy^f-y H8 1— 84fc^^7-fXHS^l 0 0«#' 

yf^ vWv F l 3 l-l 3 4 fc &*>t -f y^'W 
■VI 2 1-1 24T«tyO^\ ^tl^fUT. & 
BHf 1 0^yf^^7 K8 1~84£@£«1 7 
co£fflfc^l1\ 1 7 £ ^ ^ 7 >f X KS« 1 0 0 iz 

mtt&i&tz. mmiz^ *>f^^ 7 F8i-84 
^^^7-fXKSKi oo^yfVy^ 7 F4 3 1 
- 1 3 4 t^>f ^>t^ y y ix k x ^ . 0£#gp n n n 1 1 

1, 11 2it£ft(mm*'bZ<i-&t:tbiz. 

xvmmi 0 otomiJii 0 lcomm^mn^tLx^i 
fi\ m$mmcomnxmimio icomfezm. 

±Ht*StttTfcJ:^. Ml 10^777b^^ 
iOfcEm LT ax h ^"^ y ^ HS ; 5 . VM^ 
-^HcOfcftt, Ml 1 0{iA*WflT«§^TV^ 

fflV^i j»fl 0^^211 0 2OJ¥ 
^VMLxmiSl 0 itLtc 
fUT, miilO»^-yT-flffi&ffML, ^«0± 
t:HSK 1 7 ^IftS; fcti 0, »^ 1 0 m 1 
11 0 l*»6«IBS*T«»iv\ 

[0048] *^M^»^ 1 0 ii&M&ZW&W 

-->?*ltzi>cDXfo&fi\ ^comcoS-WMm. tztl 
(i\ y ^y>a y ggft (pzt) u ^ 

[0049] 

[^ojm] iwf, mm 

(■?>wms>ix t *) nmmmcoimzmm^tix 
x\ imm>t><nmmix*mtt-h n t h „ t 
mm^mmm^mzm^tit^nmtim 
xm%£ lx^i cox\ mmum^muzm^xmm^- 
(v&mmmmttzimMLxh^mwfrt-Mm^mfo 
t,ztufomM±%*kL%w itztfnx. mm^mm 
mx^mm^hwm^Mfim.m^mmmmm^j: 

iz£mmzm&~thzik&x£, ttz. wmmt 
mm&mcoxo^micomm^m^tz^, mmmx 

[EIHOS^IM] 

[01 ] *^J<7)-^M»"^l»^}I^^EO« 

[H2 ] m 1 <nmtFHfi* xmmzmmzti^ 
[ h 3 ] m 1 ss«9gffi<7)ftaLS«! ffi^Btffl ^ ^tn> a 

«0£#5 0 . ^K0£#6 0*3 iylMII@SS7 0 ^ 
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^i-tMz, zti^m^bwm^i 2-1 5tis(t^ 

tifzVM2 l-2 8fcj;lf'3 1-3 StcoimMi^^ 
[05] H2jH6frl4t3j:^l 5fci5(tS£E^&H£ 

[01 ] 



(a) (b) 
mmmrn 




[06 ] gfH^itu iuss i n -r-r^mm. 

1 0, 2 0 O^-gUff, 1 1-ftKHF**, 12, 13 
-Jfll«t, 14, 15-82Saitf\ 16, 20 1 
-£J$HL 17-H5£«L 2 1-2 8, 3 1-3 8-tt 
S, 5O-J1«0^, 6 0-f^f«, 70 -£££8? 
»£, 10 0-^^7^'Flfc 

[02] 




[03] 




